Purpose
Transvenous coil embolization is a well-established technique as a curative treatment for the dural arteriovenous fistulas (AVFs). The treatment strategy used for transvenous embolization is particularly dependent on the drainage route and the shunting point of the dural fistulas (1) (2) (3) . For the safe and effective treatment, the shunting point itself should be predominantly occluded by placing coils. However, in some cases, navigation of the microcatheter to the shunting points is difficult with standard guidewire technique due to the anatomical relationships between the shunting points and the accessible route. In such cases, we attempted the "turn-back embolization technique" in which a microcatheter is turned back in the affected sinus and is introduced into the shunted pouch. In this study, we evaluate efficacy of the method as a modified technique for transvenous embolization of dural sinus AVFs.
Methods and Materials Patients
Using the turn-back embolization technique, we treated eight patients with dural arteriovenous fistulas (DAVFs), including five transverse-sigmoid sinus DAVFs and three cavernous sinus DAVFs in recent three years. Patients included three males and five females with an age range of 52 -75 years and a mean age of 61 years. The clinical manifestations were tinnitus in three transverse-sigmoid sinus DAVFs, hemianopsia and ataxia in one transverse-sigmoid sinus DAVF, double vision in two cavernous sinus DAVFs, and chemosis with conjunctival hyperemia in one cavernous sinus DAVF. One transverse-sigmoid sinus DAVF case was asymptomatic. A summary of the cases is shown in Table 1 on page 5.
Treatment Methods
Diagnostic angiography was performed in all cases as a pretreatment evaluation. Threedimensional rotational digital subtraction angiography was added for the feeding arteries in all patients. We carefully determined the data set of the digital subtraction angiograms and the multiplanar reconstructed images from the rotational angiography with particular focus on the location of the DAVF, the shunting point on the affected dural sinus, the patency of the dural sinus, and cortical venous reflux.
All treatment procedures were performed under local anesthesia. A 4F or 5F catheter was positioned within the external carotid artery to examine the DAVF for control angiography. A 5F guiding sheath/catheter coaxial guiding system was advanced into the jugular vein, and then microcatheter was advanced into the affected sinus. When the antegrade access into the shunting points was difficult due to the anatomical relationships with acute angle between the access route and the shunting points in the objective cases, we attempted the turn-back method to navigate the microcatheter to the shunted pouch. The process is shown in figure 1 on page 5. After navigation a microcatheter into the affected sinus, a microguidewire and a microcatheter were turned back within the sinus, and the microcatheter could then be positioned into the shunting point. The toeholds for the microguidewires and microcatheters were the contralateral sinus walls or the initially placed microcoils.
Evaluation
We evaluated the angiographic findings with particular focus on the locations, patency of sinuses, draining veins, and shunting points in the objective cases treated by the turnback embolization technique. The DAVFs were classified by using Lalwani's method (4) (schematic drawings on page 6). The treatment procedures were assessed in terms of the shunting point, access route, the toehold of microcatheter for turning back, and the location on of embolization. The therapeutic results with in the follow-up periods were also evaluated. 
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Results
Angiographic findings
Angiographic findings are summarized in Table 2 on page 10. On the diagnostic angiography, transverse-sigmoid sinus DAVFs (TSS-DAVFs) were located on the right side in two cases and on the left side in three cases. Two of cavernous sinus DAVFs (CS-DAVFs) were located on the right side, and one CSDAVF was located on the left side.
All TSS-DAVF cases showed ipsilateral sigmoid sinus occlusion and one of the cases showed occlusion of the distal end of the transverse sinus with forming of an "isolated sinus". All except one case demonstrated occipital cortical venous reflux. Lalwani's classification was grade 3 in four TSS-DAVF cases and grade 4 in one TSS-DAVF case.
One CS-DAVF case showed ipsilateral inferior petrosal sinus occlusion. All of CS-DAVF cases were associated with superficial cortical venous system drainage (superficial middle cerebral vein) or deep venous system drainage (deep middle cerebral vein, anterior pontomesencephalic vein, and basal vein of Rosenthal). All CS-DAVF cases were classified as grade 2 lesions.
The shunting points of the TSS-DAVF cases were located at the proximal part of transverse-sigmoid sinus wall in three cases and the proximal transverse-sigmoid sinus and distal transverse sinus wall in two cases. The shunting points were also observed at the parasinus venous pouch on the distal part of transverse sinus in two of TSS-DAVF cases. The shunting points of the CS-DAVF cases were located at posterolateral segment of the CS and inter-CS in one case, the posteromedial segment and inter-CS in one case, and posteromedial / posterolateral segment of CS in one case.
Treatment procedures
Treatment procedures are shown in Table 3 on page 10.
The microcatheters were advanced via the contralateral TSS in two TSS-DAVF cases and via the thrombosed ipsilateral SS in three TSS-DAVF cases. The all of CS-DAVF cases can be accessed via ipsilateral inferior petrosal sinuses. The microcatheters were turn-backed with the toehold of the contralateral side of the sinus wall in six cases, or with placed coils in two cases.
All CS-DAVF cases except for one were treated by packing of the affected sinus with detachable microcoils. One CS-DAVF case was treated by targeted embolization of the shunting venous pouch alone. One TSS-DAVF case required transarterial embolization to reduce the residual shunt flow after sinus packing.
Therapeutic results
Transarterial angiography immediately after the procedures showed complete obliteration of shunt flow in four cases and nearly complete obliteration in four cases. Follow-up angiography showed no cases with recanalization of obliterated shunt flow. No procedure-related complication was observed in any cases.
Case presentaion
The case 5 and case 7 are demonstrated on figures as illustrative cases.
Discussion
Percutaneous transvenous embolization is well established as a curative treatment for DAVFs (1) (2) (3) . The treatment strategy of transvenous embolization, as well as the clinical aggressiveness, depends mainly on the drainage veins and shunting points. It is quite important to obliterate the shunting point for a complete cure. However, some cases exist where the shunting points are located at the anatomically difficult site for antegrade navigation of microcatheters. In cases of TSS-DAVF with ipsilateral sinus occlusion like Lalwani's grade 3 or 4, transvenous embolization through the thrombosed sinus has been reported as a safe and effective technique (5-7). However, in such cases, the shunting points and dangerous cortical reflux (e.g. the vein of Labbe and temporal veins) tend to be located at the proximal part of the transverse sinus, which is close to the occluded sinus. Antegrade sinus packing has a risk of increased cortical venous reflux while placing the coils from the distal to the proximal part, or risk of residual reflux due to incomplete packing of the shunting point (schematic drawings on page 18). To prevent increased cortical reflux while sinus packing, we attempted the turn-back embolization technique for some cases. This technique allows us to place the microcoils preferentially into the shunting point at an early stage of the procedure, and to easily perform selective packing in cases with a parasinus shunting point, which is sharply angulated from the accessible route.
In our series, all TSS-DAVF cases showed ipsilateral sigmoid sinus occlusion. Three of these cases were approached through the thrombosed sinus as one case was an isolated sinus and two cases had no communication with the contralateral TSS. Furthermore, the shunting points were located predominantly at the proximal end of the affected sinus. Thus, the packing of proximal parts using the turn-back technique was considered an effective method that avoided increasing the pressure in the cortical veins during embolization.
The remaining two cases with TSS-DAVF were approached through the contralateral TSS. However, they exhibited a parasinus shunting venous pouch, in which antegrade approach into the venous pouch was difficult. Recent investigators reported the usefulness of targeted embolization of DAVFs with preserving the patency of dural sinuses (2, (8) (9) (10) . By using turn-back technique, microcatheters could be advanced into the venous pouch and the shunting point could be selectively obliterated in our cases.
All CS-DAVF cases were approached via the ipsilateral IPS. As all three cases had a shunting point at the posterior wall of the CS, we attempted the turn-back method to obliterate the shunting points at the initial stage of sinus packing. One case was completely occluded using only targeted embolization without sinus packing. We previously evaluated our cases with CS-DAVFs. The majority of cases had the shunting points at the posterior part of the cavernous sinus (unpublished data). Therefore the turn-back technique in CS-DAVF cases can be effective in terms of easier access to the posterior wall and a good holding force of the microcatheter while placing the coils.
For turning back of the microcatheter, it is necessary to adhere once to the opposite side of the sinus wall and the wall then can act as a toehold for turning back and placing coils. In two cases of our series, we used the placed coils as toeholds. These two cases had no toeholds to turn the catheter near the shunting point. In this situation, it is useful to place some coils initially to make the wall for turning back the microcatheters and for holding the catheters while placing the coils. It is also important to use the microcatheter with an adequate stiffness, which can be stabilized on the toehold while pushing the coils.
Obviously, for attempting this adjunctive treatment technique, it is mandatory to precisely identify the shunting points and the drainage route by careful analysis of radiological images. The exact angioarchitectures can be determined using MR angiography and conventional angiography. The other imaging tools, such as 3D rotational angiography or con-beam CT if applicable, are also very useful as reported by recent investigators (2, 3) . type III with focusing on risk of increase of cortical reflux or incomplete cure. (a) In the case of TSS-DAVFAVF with sinus occlusion like Cognard type IIa+b or III, shunting points and dangerous cortical reflux, as vein of Labbe and temporal veins, tend to be located at the proximal part of transverse sinus, which is close to occluded sinus. (b,c) For such cases, standard transvenous embolization through the thrombosed sinus has a risk of increased cortical venous reflux while packing from distal to proximal part (b), or risk of residual reflux due to incomplete packing of the shunting point (c).
Conclusion
Turn-back embolization is an effective technique for dural arteriovenous fistulas, especially for the TSS-DAVF with occlusion of the ipsilateral sigmoid sinus and a parasinus shunting point sharply angulated from the access route. This technique can also be effective for CS-DAVF with shunting into the posterior wall of the cavernous sinus. Pre-treatment imaging assessment is essential for applying this additional technique.
